Objective: To assess the effectiveness of injection of autologous keratin gel and fibroblast for neck aging as soft tissue filler.
| INTRODUCTION
Wrinkle is outer manifestation of skin aging. Neck wrinkles are easy to come out and recognized for neck's special anatomy and physiology. In 1990, CM Lapiere found that the change in dermal structure is the main cause of skin aging. 1 In Scott Shadfar's researches, there are many reasons causing neck aging, and loss of dermal matrix volume results in neck wrinkles. 2 And in Yaar's study, 3 they found with the increase of age, the number of collagen fibers, and fibroblasts decreased gradually. There are many procedures to neck rejuvenation, such as laser, surgery, and filler injection. [4] [5] [6] Soft tissue filler injection is easier to be accepted and be easy controlled, so it is widely used in clinical practice.
Injectable soft tissue fillers are used in clinical very early, the ideal material for soft tissue augmentation should be biocompatible, nonimmunogenic, easily obtainable, low cost, nonresorbable, and easily stored. 7, 8 Autogenous tissues are the most convenient materials without causing biologic reactions and are becoming popular. 9 Isolagen (autologous cultured fibroblasts), which were proved by FDA at 2011, is a autogenous issue filler under rigid production procedures, and it can produce collagen all the time, which makes long-lasting effect, and is widely used in clinical. 10, 11 It is really interesting that when Isolagen was injected with Restylane, the mixture could provide longer-lasting effects. 12 Keratin is first used in textile industry, and its biocompatibility is gradually realized with the studies going on. Hong et al 13 implanted sterile hair into face to correct face defect. In our previous study, we derive a new keratin-derived material and after testing its biocompatibility, we used animal model to test their biodegradation.
We injected the keratin from hair into mice and rabbits, which turned out it acted well. 14 In this research, autologous cultured fibroblasts from retroauricular skin and keratin from hair were mixed, and the mixture was injected into neck wrinkle in healthy volunteers. After the treatment, we made followed up visits to evaluate the effect. 
| MATERIALS AND METHODS

| Subjects
| Collection of fibroblasts
After normal disinfection, draping, and local anesthesia, a 3 9 10 mm 2 skin tissue is collected from retroauricular area; with removed fat and blood, washed with normal saline for repeatedly 3 times, placed into a 35-mm culture dishes, digested with 0.25% Dispase II (Sigma, Cat:D4693) overnight. Tweezers were used to separate the epidermis and dermis; dermis was further digested with 5%
collagen II for about 2 h and then centrifuged by 300g for 10 min.
After discarded supernatant, fibroblast cells were washed for 3 times with phosphate buffered solution (PBS) and seeded into 60-mm culture dishes,and then cultured and subcultured for 4-6 weeks with DMEM medium(Gibco BRL, Gaithersburg, MD, USA).
| Collection of keratin
For the collected keratin, 3-5 g of hair was obtained from volunteers and processed according to our previous research, 14 
| Collection of the mixture
From each volunteer, 10 mL of venous blood was collected, and serum was obtained by centrifuging. Every 1 mL of serum was combined with 5 9 10 5 fibroblasts and 200 lL keratin gel to make injectable soft tissue filler which should be injected as soon as possible. 
| The treatment of neck wrinkle
| Date analysis
The neck wrinkles of all the volunteers were assessed at preinjection and 1st, 3rd, 6th and 12th months after injection,
respectively, using Lemperle's methods, 15 through which their wrinkles were graded by 6 levels according to the objective measurement(listed in Table 1 ). Table 2 , 3, and 4 showed the followup studies that were made at 1st, 3rd, 6th, and 12th months after
F I G U R E 1 Female, 38 years old, received injection of keratin and fibroblasts as above described. She had none other injection. Figure 1A and C was taken before injection (side and front view, respectively). Figure 1B and D was taken 12 months after operation (side and front view; Figure 1A and C) (B) (A) (D) (C) F I G U R E 2 Female, 42 years old, received injection of keratin and fibroblasts as above described. She had none other injection. Figure 2A and C was taken before injection (front and side view, respectively). Figure 2B and D was taken 18 months after operation (front and side view; Figure 2A and C) (B) (A) F I G U R E 3 Male, 50 years old, received injection of keratin and fibroblasts as above described. He had none other injection. Figure 3A was taken before injection (side view). Figure 3B was taken 18 months after operation and corresponding to Figure 3A injection in each group, including severe, mild, and moderate wrinkles and HA control group. All the results in 1st, 3rd, 6th, and 12th months were compared and calculated with the pre-injection measurement. Table 2 showed results of keratin gel and fibroblast injection comparing with pre-injection in the severe wrinkle cases. These data showed that at 1st month after the injection, about 95% wrinkles ameliorated by at least 1 level, and at 3 to 6 months, 80-90% (B) (A) F I G U R E 4 Female, 50 years old, received injection of keratin and fibroblasts as above described. She had none other injection. Figure 4A was taken before injection (front view). Figure 4B was taken 18 months after operation and corresponding to Figure 4A (B) (A) Figure 5A and B: Female, 49 years old, received injection of keratin and fibroblasts as above described. Figure 5A was taken before injection (front view). Figure 5B was taken 12 months after operation. Figure 5C and D shows female, 32 years old, received injection of keratin and fibroblasts as above described. Figure 5C was taken before injection (front view). Figure 5B was taken 12 months after injection Figure 6A and B shows female, 38 years old, received hyaluronic acid (HA) injection as control. Figure 6A was taken before injection (front view). Figure 6B was taken 4 months after injection. Figure 6C and D shows female, 42 years old, received HA injection as control. Figure 6C was taken before injection (front view). Figure 6D was taken 6 months after operation wrinkles ameliorated by 2-3 levels. At 12 months after injection, there still have 75% cases whose wrinkles ameliorated by 2-3 levels. Table 3 showed results of keratin gel and fibroblast injection in mild and moderate neck wrinkle cases comparing with pre-injection.
The data showed that at 1st month after the injection about 100% wrinkles ameliorated at least 1 level, and at 3 to 6 months, 80-90% wrinkles ameliorated 2-3 levels. At 12 months after injection, there still have 90% cases whose wrinkles ameliorated by 1-2 level. Table 4 shows the results of neck wrinkle cases receiving HA treatment. The data showed that at 1st month after the injection, about 100% wrinkles ameliorated by at least 1 level, and at 3 to 6 months, about 80-90% wrinkles ameliorated by 1-2 levels. But at 12 months after injection, most cases return to pre-injection.
In conclusion, these results indicated that the effects of our filler were generally satisfied after injection. Although the filler were absorbed gradually, it still maintains 70-90% filling effect even 12 months after injection. Relatively, HA can only last for about 6 months after injection.
| DISCUSSION
With being aging, transverse wrinkles and platysma muscle bundle shaped belt gradually appeared in the neck, because of relaxation and contraction of the neck skin, elasticity reducing, gravity. 18 Transverse wrinkles in neck cause by loss of dermal matrix volume, in which collagen is in the majority, so injecting soft tissue fillers is the main idea to ameliorate the neck wrinkles. 19, 20 Because of special anatomy, it is difficult to cure the neck wrinkles.
The nonoperative treatment of neck wrinkles mainly includes laser, injection of botulinum toxin, hyaluronic acid, and so on. Laser stimulates local tissue with high-energy laser, which made collagen remodeling and other subtle structural changes, then reducing wrinkles. 21 Laser may cause scar and pigmentation; also the recovery time is long, which limits its application in the treatment of neck wrinkles. 22 Injecting soft tissue fillers to cure facial and neck wrinkles starts early, and hyaluronic acid and collagen are used to cure neck wrinkles in clinical. 7, 19, [23] [24] [25] [26] The neck skin is thin, and it always affect by movement, so the injecting drug is easy to accumulate in local site. 4, [27] [28] [29] Because of the short absorption time of hyaluronic acid, collagen, and the accumulating of the injecting drug, the effect is not very well. 30 Autologous keratin is well biocompatible, and its molecular structure is stable, which made it being a good extracellular supporting materials. 31 Our previous study turned out hair-derived material after processing showed an intrinsic capacity with preferable fluidity and glutinousness for injection. General toxic evaluation revealed a good biocompatibility and absence of cytotoxicity or mutagenicity. Animal subcutaneous implant models did not show any local or systemic adverse reactions in the observation period. In the absorbance model, hair fiber particle showed preferable augmentation effect which preserved at least 50% of original volume during the observation. 14 As to fibroblast cell, it is all known that Isolagen (autologous cultured fibroblasts) is a autogenous tissue filler which received FDA approval in 2011, which produce collagen all the time and make long-lasting effect. 10, 11 Our new filler consists of autologous keratin and fibroblasts, in which the keratin acts as tissue scaffolds and fibroblasts act as a sustainable remediation system that continuously secreting collagen.
In this clinical trial, we injected this new filler to neck wrinkle subcutaneously to resist the neck wrinkles, and the injection treatment effects were very well during the entire follow-up. 
